Despite 200 years ofefforts to regulate safety in this occupation, chimney sweeps have increased mortality from cancer, ischaemic heart disease, and respiratory disease. Mortality and incidence of cancer were examined in a cohort of 5542 Swedish chimney sweeps employed through their national trade union at any time between 1918 and 1980. Previous studies of this cohort found increased risks of ischaemic heart disease, respiratory disease, accidental deaths, and various neoplasms. By increasing follow up, we sought to increase the power of the study and examine disease time trends. Mortality analysis was extended 7 5 years to cover the period 1951-90; cancer incidence analysis was extended six years to cover the period 1958-87. New findings include increased incidence and mortality of prostate cancer (SMR 169, 22 observed) and increased incidence of total haematolymphatic cancers (SIR 151, 36 The present study extends the follow up of the Swedish chimney sweep cohort by 7 5 years for mortality and six years for incidence of cancer; it is thus possible to better define recent trends in mortality and incidence of cancer among the sweeps that may be due to changes in their working environment. As well as longer follow up, this study more fully evaluated the effects of potential confounding by alcohol and tobacco use.
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). In analyses of the entire study period, risks of ischaemic heart disease and lung, bladder, and oesophageal cancer were adjusted for smoking; oesophageal cancer was also adjusted for use of alcohol. All risks remained significantly raised. Exposure-response analyses showed significant positive associations between duration of employment and risks for mortality from lung, oesophageal, and total cancer. Chimney sweeps remain at increased risk for cancers of the lung, oesophagus, and bladder. Our study supports a causal role for exposure to chimney soot, which contains carcinogens including polycyclic aromatic hydrocarbons. Extended follow up of this cohort now shows increased risks of prostate and haematolymphatic cancers. Sir Percivall Pott's classic description of scrotal cancer among London chimney sweeps, published in 1775, is generally regarded as the first description of an occupationally induced cancer.' As in Pott's day, the modern chimney sweeps' primary exposure is to soot, a complex mixture produced by the combustion of coal, coke, oil, or wood. Chimney soot is rich in polycyclic aromatic hydrocarbons (PAHs), a group of compounds with well documented carcinogenic action: it is likely that these compounds are responsible for part ofthe excess risk ofcancer in sweeps and other occupational groups exposed to combustion byproducts.23 Assessments of industrial hygiene have shown that chimney soot contains potentially carcinogenic metals including arsenic, chromium, cadmium, and nickel; chimney sweeps are also exposed to combustion gases such as sulphur dioxide and carbon monoxide, asbestos from pipe and furnace insulation, and organic solvents used as degreasing agents.'7 Engineering controls and personal protective equipment have not been effectively used to eliminate these exposures. Although steam and water cleaning are used in large industrial stacks, most chimneys are swept dry. Enclosed vacuum sweeping systems have not been successful in controlling exposures; respirators are not widely used because of the high physical demands of sweeping and the need to work in tight spaces.
Despite more than 200 years of efforts to regulate safety in this occupation (dating at least from the 1788 British Actfor the Better Regulation of Chimney Sweeps and their Apprentices8) chimney sweeps remain at high risk for various cancers as well as cardiopulmonary diseases. Previous studies of this large cohort of Swedish chimney sweeps found excess incidence of oesophageal cancer, lung cancer, and bladder cancer as well as excess mortality from cardiovascular diseases, respiratory diseases, and violent deaths."' Excesses in mortality from lung cancer, stomach cancer, and ischaemic heart disease were noted among Danish chimney sweeps'2 13 and a Yugoslavian study found excesses of lung and laryngeal cancer. '4 The present study extends the follow up of the Swedish chimney sweep cohort by 7 5 years for mortality and six years for incidence of cancer; it is thus possible to better define recent trends in mortality and incidence of cancer among the sweeps that may be due to changes in their working environment. As well as longer follow up, this study more fully evaluated the effects of potential confounding by alcohol and tobacco use.
Materials and methods

STUDY POPULATION
The study population included all registered members of the Swedish Chimney Sweeps Trade Union, from its inception in 1918 until 1980. This union represented about 95% of all chimney sweeps in Sweden, giving this study the character of a national survey. Every member's name, birthdate, dates of union membership, and years of active employment were obtained from the union's records. Civil registration numbers, a unique number assigned to each Swedish citizen, were obtained from the union records or by writing to the subjects' birth parishes. A total of 5542 men were members of the union between 1918 and 1980. For the mortality study, the cohort was followed up until 30 Tables 2 and 3 present mortality data for the entire study period 1951-90 and for the extended follow up period 1983-90. The cohort shows statistically significant excesses of all cause mortality, circulatory diseases, ischaemic heart disease, respiratory diseases, and external causes (primarily accidental deaths and suicide). The non-significant trend toward decreased mortality from cerebrovascular disease has continued. New findings include significant excess mortality from liver cirrhosis and suicide. Of the 239 excess deaths in the total study period, 68 were due to cancer, 78 to circulatory disease (including 54 excess deaths due to ischaemic heart disease), and 65 to external causes (including 16 excess suicides).
Comparison of mortality between the study periods 1951-82 and 1983-90 shows a decline in the excess risks for circulatory disease, ischaemic heart disease, and respiratory disease, although the mortality trends among the two periods are otherwise similar.
Mortality by cumulative exposure (see table 6 ) showed a trend toward increased mortality from respiratory disease (X' = 1-92, 1 df) with increased employment time, which was of borderline significance. No such trend was evident for circulatory disease or ischaemic heart disease.
Smoking adjusted RRs were calculated as described. If the sweeps' smoking habits in 1972 were representative, they could be expected to have a risk of death from ischaemic heart disease approximately The sweeps continue to show an appreciable increase in incidence of bladder cancer, without any increase in mortality. Of the 37 incident cases, 33 had the pathological diagnosis of transitional cell carcinoma, two were undifferentiated carcinoma, and two had other histological diagnoses.
Cancer mortality by duration of employment (table 6) showed statistically significant trends for increased mortality from lung cancer, oesophageal cancer, and total malignancies with continued exposure.
Incidence of cancer by cumulative exposure showed increasing incidence of total lung cancer, small cell and undifferentiated cancer of the lung, and total malignancies with continued exposure. A negative correlation was seen for incidence of bladder cancer and duration of employment.
Cancer mortality by latency since first employment (table 7) showed increased mortality from total malignancies, oesophageal cancer, lung cancer, prostate cancer, circulatory diseases, and ischaemic heart disease only after long latencies.
Investigation When compared with the general population, a greater percentage of the sweeps reported use of tobacco. As already noted, significant excess mortality from lung cancer and ischaemic heart disease remain after adjustments for smoking habits. These In this study, confounding from the sweeps' greater intake of alcohol is primarily of interest in evaluating the excess of oesophageal cancer. Risks of oesophageal cancer and cirrhosis among cohorts of chronic alcohol abusers provide a useful comparison. Members of a cohort of Swedish men treated for alcohol abuse were five times more likely to die of oesophageal cancer and seven times more likely to die from cirrhosis than the general population.26 Alcoholic persons treated in Canada had an SMR of 520 for oesophageal cancer and 1149 for cirrhosis,27 and a group of treated alcoholic patients in Oslo had SMRs of 426 for oesophageal cancer and 359 for cirrhosis. 28 Thus the excess of mortality from oesophageal cancer among the sweeps approaches the risk seen in cohorts composed entirely of chronic alcohol abusers, whereas deaths from cirrhosis were much lower among the sweeps than among the alcoholic cohorts. Although precise data on smoking habits were not reported for these cohorts of chronic alcohol abusers, they were noted to have tobacco consumption in excess of the general population. Although SMRs cannot be directly compared between cohorts, the large discrepancy between RRs for oesophageal cancer and cirrhosis of the liver lead us to conclude that the high risk of oesophageal cancer seen in the chimney sweep cohort cannot be attributed entirely to alcohol and tobacco.
The three cases ofpleural malignant mesothelioma confirm the industrial hygiene assessment that chimney sweeps are exposed to asbestos. We attempted to estimate the extent to which the excess of lung cancer in this cohort may be due to exposure to asbestos and to what extent it is due to other carcinogens. Each fibre/ml-year of chrysotile asbestos exposure results in an increase in mortality from lung cancer of about 1 %.29 Industrial hygiene surveys of chimney sweeping7 have shown that sweeps have short intermittent exposures to low levels of asbestos; their overall time weighted exposure is certainly less than 0-1 fibres/ml. Using these figures, sweeps employed for 30 years would be expected to have less than a 3% increase in mortality from lung cancer due to exposure to asbestos. This estimate does not account for synergy with smoking and other exposures, and exposure to asbestos may have been heavier in previous years. It is unlikely, however, that exposure to asbestos could account for much of the excess of lung cancer seen in this cohort.
Although exposure to asbestos and tobacco may explain part of the excess risk for lung cancer seen in the sweeps, a substantial unexplained excess risk remains. This is most likely due to the sweeps' other chemical exposures.
IMPLICATIONS FOR OCCUPATIONAL CARCINOGENESIS
The major new results ofthis study are the increase in the incidence and mortality from prostate cancer, and the significant increase in the incidence of lymphatic and haematopoietic malignancies. Previously noted excesses of lung, oesophageal, and bladder cancer persisted in the extended follow up; the excess of small cell and undifferentiated cancer of the lung was striking. With extended follow up, stronger doseresponse relations were seen for mortality from lung and oesophageal cancer.
Genitourinary cancer
The aetiology ofprostate cancer remains obscure and no firm links have been established between occupational exposures and this malignancy. Chimney sweeps are exposed to low concentrations of cadmium, which has been related to prostate cancer in some studies,'3 although other studies have provided variable results.3233 Excess mortality from prostate cancer has also been noted in several cohorts of rubber workers,34 although no common exposure has been identified. Given the sweeps' exposure to combustion products, it is of interest that excess mortality from prostate cancer has also been associated with exposure to automobile exhaust in a case-control study35 and in a large registry based study.36 Mortality from prostate cancer has also been linked to cigarette smoking in a large cohort study.37 No conclusions can be drawn at this time regarding a possible aetiological link between combusion products and prostate cancer, but this finding merits further study.
The excess incidence of bladder cancer has continued to rise in this cohort during the extended follow up, although there has been no significant increase in mortality. This discrepancy may be due to chance, given the low mortality of bladder cancer. Alternatively, it is possible that sweeps may receive more intensive screening for cancer than the general population, thus increasing the detection of common tumours such as those of the prostate and bladder. This seems unlikely, however. A third possibility is that the bladder cancer seen in this cohort may have a different natural history than that of the general population. The reason for the negative correlation between incidence of bladder cancer and duration of employment is unknown.
Lymphatic and haematopoietic cancer A significant excess was seen in the incidence of lymphatic and haematopoietic cancer, as well as an increased mortality that was of borderline statistical significance. The role ofPAHs in inducing lymphoma and leukaemia is unclear, although exposure to PAHs may induce leukaemia in animal models38 and cigarette smoking has been weakly linked to leukaemia. 39 The sweeps' exposure to organic solvents is recent and probably does not account for their excess risk of leukaemia.
Gastrointestinal cancer As discussed, the large excess risk of oesophageal cancer seen in this cohort is more than would be expected from alcohol and tobacco alone, even taking into account the well known multiplicative interaction ofthese exposures.' It seems highly likely that exposure to PAHs plays a causal part in the sweeps' excess of oesophageal cancer. Direct oesophageal mucosal contact with PAHs must occur often among the sweeps, due to the swallowing of soot after mucociliary clearance and expectoration of inhaled particles.
Alcohol may have a role in potentiating this occupational exposure. Chronic intake of alcohol may directly enhance metabolic activation of carcinogens by the epithelial cells of target tissue; synergy between alcohol and tobacco may also be due to increased transport of carcinogen across the mucosa into the basal layer where the target tissue is assumed to lie. In animal studies, solutions of benzo-[a]-pyrene applied to the oesophageal mucosa were better absorbed when alcohol rather than oil was used as the solute; increased absorption was obtained with stronger solutions of alcohol. 41 Other cohorts of Swedish workers exposed to combustion products have also shown increased rates of oesophageal cancer, although the numbers of cases have been small. 42 Although excesses in incidence of squamous cell and adenocarcinoma were seen, the largest excess was for small cell and undifferentiated lung cancer (which are coded together in the Swedish Cancer Registry). This may in part explain why a larger excess risk was seen in incidence of cancer than mortality, as small cell cancer generally has a lower mortality than other histological types. A strong dose-response relation was seen for total lung cancer as well as for small cell and undifferentiated cancer.
Skin cancer As in previous analyses, no excess of skin cancer was seen in this cohort. This may be attributable to the fact that Swedish sweeps have long had the right to bathe, on paid time, at the end of their work day.
IMPLICATIONS FOR OTHER DISEASES
The increased mortality from circulatory diseases and ischaemic heart disease is particularly interesting. Several other occupational chemical exposures have been associated with increased mortality or morbidity from heart disease,' although the causal mechanisms through which these exposures are linked to heart disease are obscure. In the case of exposure to combustion byproducts, animal data on PAHs and atherogenesis may offer some clues. There is evidence from several species that PAHs, including benzo-[a]-pyrene and dimethyl-benz-anthracene, can act as promoters of atherosclerosis.4950 In these studies, PAHs seem to act as promoters of vascular smooth muscle proliferation within plaques. One model of atherogenesis is based on the hypothesis that atherosclerotic plaques arise as monoclonal proliferations of smooth muscle cells, subject to processes of initiation and promotion analogous to those found in malignant tumours.5' 52 This suggests one mechanism by which exposure to combustion byproducts could cause increased mortality from ischaemic heart disease.
Exposure to carbon monoxide may also be important in causing the increased mortality from ischaemic heart disease seen in this cohort. Other studies have found increased mortality in cohorts with occupational exposure to carbon monoxide and other exhaust products." It is not clear whether carbon monoxide has atherogenic effects or whether exposure acts through other mechanisms such as hypoxia, platelet aggregation, or the induction of arrhythmias.54" With continued follow up, the excess mortality from ischaemic heart disease among the sweeps has declined. It is interesting to note that their exposure to carbon monoxide has also declined since fuel oil started to replace coal in the 1950s. Industrial hygiene measurements6 indicated that carbon monoxide concentrations during sweeping of coal fired fumaces ranged from 5-400 ppm, whereas concentrations near fuel oil fired furnaces were less than 1 ppm.
This study found an increased mortality from respiratory diseases, with a non-significant trend toward increased risk with longer exposures. The chimney sweeps' heavy occupational exposure to dust and irritant gases probably has a causal role in this excess of mortality. When Danish chimney sweeps were compared to postmen in a matched pair design that controlled for smoking habits, a significant excess of sweeps reported respiratory symptoms; 9% of the sweeps reported coughing up 
